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Description 

This invention relates to an article for the controlled delivery of an active substance, comprising a hollow 
space fully enclosed by a wall and filled in full or in part with one or more active substances, said wall being 

5 made using a biodegradable polymeric material permeable to the active substance. 

For the controlled delivery of active substances articles have been developed showing a great diversity 
in shape, sizes and other properties capable of affecting the rate of delivery of an active substance from the 
the usability of the article. Particularly the selection of the material of which the article is made can largely 
affect the final possibilities of using the article. On the basis of the nature of the materials used, which are 

w often polymeric materials, it is possible to divide the articles for the controlled delivery, which, among other 
things, are intended for use in man and animal, into two groups. On the one hand, there are the articles made 
of materials that cannot be broken down in the body. After the active substance has been delivered, the article 
must be removed, which may be regarded as a drawback. On the other hand, there are the articles on the 
basis of (bio)degradable materials. When the active substance has been delivered in full or in part, a breakdown 

75 of the article into components innocuous to the organism occurs so that removal of the article is no longer 
necessary. 

"Hydrogels and Biodegradable Polymers for the Controlled Delivery of Drugs" by N.B. Graham and D.A. 
Wood in Polymer News, 1982, Vol. 8, pages 230-236, discloses all kinds of delivery systems on the basis of 
biodegradable polymer substrates charged with active substance, which polymer substrates, among other 

20 things, can be subdermally applied to man and animal. Such delivery systems may have the form of, e.g., sphe- 
rical particles. These particles consist of biodegradable matrices surrounding the active substance. Such a 
delivery system, however, has the drawback that the particles can hardly, if at ail, be surgically removed when 
the active substance would not be accepted. The same drawback is connected with other delivery systems 
referred to in this article, such as microcapsules having an average size of 5 to 50 urn. The above article by 

25 N.B. Graham and D.A. Wood further mentions films as delivery system. Such films, however, have the draw- 
back that a subdermal use thereof requires a surgery, which is considered laborious and may also involve cer- 
tain risks. 

The usability of an article is not exclusively determined by the possibility of breakdown of the article after 
delivery of the active substance. Also the possibilities of a proper control of the rate of delivery of the active 
30 substance are important when designing an article. Because in many cases the active substance will be re- 
leased by a diffusion process, the material selection may again be a decisive factor for the delivery properties 
finally obtained by the article. Besides, it is also possible to affect the delivery properties by varying the shape 
and sizes of the article. 

"Sustained Drug Delivery Systems II: Factors Affecting Release Rates from poly-e-caprolactone and Re- 
35 lated Biodegradable Polyesters" by C.G. Pitt et ai in J. Pharm. Sc., Vol. 68, No. 12, 1979, pages 1534-1538, 
discloses films on the basis of homo- and copolymers of E-caprolactone, DL-lactic acid and glycolic acid. With 
regard to the microcapsules on the basis of poly-e-caprolactone described in this article and in U.S. Patent 
No. 4,148,871 of C.G. Pitt et al (1986) it is particularly advanced that these are prepared by melt extrusion, 
after which the ends of the resulting hollow tube are closed afterf tiling with the medicine. These microcapsules, 
40 however, have the drawback that the rate of delivery of the medicine per unit of area, which is adjustable by 
varying the wall thickness of the hollow tube, can only be changed to a very limited extent, e.g., by a factor of 
2 to 3. 

For the delivery of active substances having a high molecular weight, European Patent Application No. 
86402527.5 (Porous bioadsorbable polyesters, 1986) of A. Schindler describes the development of a porous 
45 degradable fibre made of polymer. 

"Controlled Release Technologies: Methods, Theory and Applications", Vol. II, byA.F. Kydonieus, page 165 
ff., CRC Press, Inc., discloses the use of hollow fibres for the delivery of insect feromones. Further, "Hollow 
Fibers as an Oral Sustained-Release Delivery System" by M.A. Hussain et al in Pharm. Res., Vol. 6, No. 1, 
1989, pages 49-52, describes the delivery of Phenyl Propanolamine (PPA) from hollow fibres. As indicated, 
50 however, such hollow fibres are open on one side so that they are unsuitable for the controlled delivery of med- 
icines in a subdermal or other use in man and animal. 

The object of this invention is to obtained an improved article for the controlled delivery of an active sub- 
stance which does not have the above drawbacks. 

According to this invention an article of the type referred to in the opening paragraph is provided which 
55 is characterized in that the wall is composed mainly of a combination of at least two different polymeric mate- 
rials in which one polymeric material is permeable to the active substance and is degradable and the other 
polymeric material is relatively poorly permeable to the active substance and is degradable and the conveyor 
path for the delivery of the active substance from the hollow space to the surroundings of the article is a con- 
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tinuous distance leading at least through the polymeric material permeable to the active substance. 

The article according to this invention is a hollow article made of a combination of biodegradable polymers, 
in which article the hollow space may contain a pure active substance, a dilute form or a dispersion of this 
s substance in a matrix and the ends, edges etc. of the article are closed. 

The biodegradable polymers to be used for the hollow article may be polyesters such as polylactic acid, 
polyglycoiic acid, poly (e-ca pro lactone), polyfli- hydroxy butyric acid), poiy(hydroxyvalerate), poly(orthoesters), 
poly(a-amino acids), including esters of polyglutamic acid and finally polydepsipeptides, poiyanhydrides and 
poiyphosphazenes. Moreover, all the (co)polymers derived from the above polymers may be used, including 
10 block copolymers and stereo complexes of polymers formed from optically active monomers from the above 
groups. 

When the article according to this invention is used subdermally, use is preferably made of ( copolymers 
that are properly degradable and do not give body-foreign products and/or toxic by-products after or during 
degradation. Examples thereof are polylactic acid, polyflj-hydroxybutyric acid), poly(e-caprolactone), poly(a- 
15 amino acids) as well as derived (co)polymers. 

The hollow articles used may have such shapes and such sizes that in human use they can be applied 
subdermally without problems in accordance with generally accepted guidelines. Consequently, the articles 
made according to this invention may be injectable so that a surgery need not take place. Because the articles 
according to the invention preferably have a length up to 5 cm, they can be easily traced. When used veteri- 
20 narily, the sizes of the article may be considerably larger. 

In the hollow space of the articles various active substances can be used, such as medicines, hormones 
and related products. When inserted, the articles according to the invention deliver the active substance to 
the body for a certain period of time which may vary, e.g., from 1 week to some years. According to this invention 
the delivery period and the delivery rate of the active substance used can be easily adjusted by adaptation to 
25 the structure of the article. 

The biodegradable article according to this invention charged with active substance can be used in agri- 
culture and horticulture, in which insecticides, feromones, repellants, and related products may be used as the 
active substances. 

The hollow articles used according to this invention consist of a combination of two or more polymeric ma- 
30 terials having different permeabilities to the active substance. For the purpose of illustration a combination of 
two polymers will be described hereinbelow. Moreover, by way of example in this specification, the article for 
the controlled delivery will have the form of a hollow tube . Thus starting from a combination of two polymers, 
a first polymer wilt have to show a relatively high permeability to the active substance, while the second polymer 
has a relatively low to very low permeability to the active substance. 
35 The hollow tubes used according to the invention may be made by means of the following techniques: 

a) coextrusion of the two polymers in the melt, 

b) melt extrusion of one of the two polymers followed by dipcoating with a solution of the other polymeric 
materia! from a suitable solution, 

c) successive dipcoating with two solutions of the polymers. 

40 To a) . In case of coextrusion two molten polymeric materials are simultaneously pressed through an in- 

jection moulding nozzle via separated feeding systems. This injection moulding nozzle consists of two or 
more composed ducts or openings. The interior of the inner duct is a hollow needle through which inert 
gas can be injected via a separated feeding system. By selecting such a suitable construction of the in- 
jection moulding nozzle, hollow tubes can be formed having compact walls. The wall is made of a compo- 

45 sition of the different polymeric materials. Figs, la and b, 2, and 3a and b schematically show examples of 

the structure of the cross-section of different types of hollow tubes. 

Figs. 1a and b show how a polymeric layer poorly permeable to the active substance partially covers 
the interior or the exterior of the highly permeable layer. By varying the surface coated with poorly per- 
meable polymer the rate of delivery of the active substance can be adjusted. 

50 Fig. 2 schematically shows another cross-section of a hollow tube of a polymer substantially imperme- 

able or poorly permeable to the active substance, in which a portion of the wall is replaced by a polymer 
permeable to the active substance. By varying the surface ratio of permeable/poorly permeable polymer 
the rate of delivery can be adjusted. 

Figs. 3a, b f inally show a schematic cross-section of a hollow tube having a wall consisting of a com- 

55 position of more than two layers permeable and poorly permeable to the active substance. By thus forming 

the structure of the wall of the hollow tube not only the availabe surface through which delivery of the 
active substance may occur, but also the distance over which the active substance must diffuse through 
the permeable layer is considerably extended. This may provide an additional possibility of controlling the 
level of delivery of the active substance. 

3 
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To b). In case of melt extrusion followed by dipcoating a hollow tube having the desired wall structure is 
made in a multistage process. In stage 1 a hollow tube is made of permeable polymer by means o{ melt 
extrusion. In stage 2 the hollow tube is passed through a solution of poorly permeable polymer in a suitable 

5 solvent. By evaporation of the solvent under the proper conditions a hollow tube is formed having at its 

exterior a compact layer of poorly permeable polymer. Stage 2 can be repeated some times, if required. 
Finally, in stage 3 a portion of the outer layer is removed (e.g., cutting or perforating) to such an extent as 
to obtain the desired level of delivery of active substance (schematic cross-section shown in Fig. la). If 
required, prior to carrying out stage 2, the hollow tube made in stage 1 can be partially covered, followed 

10 by removing this cover after carrying out stage 2. Thus, an article having the same structure will be ob- 

tained. 

It is also possible to obtain a hollow tube having several permeable and poorly permeable layers by 
applying further dipping, drying and cutting procedures after stage 3. 

Toe) . Both the compact permeable layer(s) and the poorly permeable layer(s) are made by means of the 
15 dipcoating technique described. By a proper combination of dipping, drying and cutting procedures hollow 

tubes are obtainable having the structures shown in Figs, la, b and 3a, b. When making hollow tubes by 
means of the dipcoating process, the hollow tube must be supported by a metal, glass or plastic rod. 
The hollow tubes made in the following examples have been made by means of the techniques mentioned 
under a), b), and c). 

20 The article for the controlled delivery of active substance according to the invention has the following ad- 

vantages: 

- the rate of delivery of an active substance from the article is easily adjustable by means of the structure 
of the article, using two or more biodegradable polymeric materials; 

- if desired, depending on, e.g., the wishes regarding the level of delivery, the article is degradable in parts 
25 during the period of implantation or degradable only after the active substance has been delivered com- 
pletely; 

- the article is suitable for the optimum delivery of various types of medicines and other compounds. 

If the article according to the invention is intended for subdermal use, it can be readily made via known per 
se techniques in a form in which 
30 - the article can be easily applied subdermally by means of injection so that a surgery is superfluous and 

can be 

- easily removed if it turns out that the patient does not endure the medicine. 

Further to the above, it may be observed that the rate of delivery of the active substance is also adjustable 
by affecting the difference in permeability to the active substance within the employed combination of the at 

35 least two polymeric materials by adjustment of the pore structure of the polymeric materials in the article. 

With reference to the accompanying drawing, which shows a number of tubular structures of the article, 
the invention can be further illustrated by the following examples. In the examples the delivery properties of 
hollow tubes are determined by using the steroid norgestrei. The values given in the following examples for 
the delivery of norgestrei were measured as follows: 

40 The hollow tubes were cut to lengths of 4 cm and filled with a 30 wt.% dispersion of norgestrei castor 

oil. The ends of the filled tubes were sealed with acrylate glue impermeable to the hormone and then placed 
in glass vessels filled with 250 ml distilled water. Delivery experiments were carried out at 37°C with continuous 
stirring (1 50 rpm) for a period of 6 months. The delivery of the norgestrei was measured spectrophotometrically 
at an absorption maximum of 247 nm. 

45 The materials used for composing the hollow tubes were the polymer poly-L-lactic acid poorly permeable to 
norgestrei and the permeable polymer poly-E-caprolactone, which materials are shown in the drawing by 1 and 
2, respectively. 

Example I 

50 

PREPARATION OF ARTICLE 

By coextrusion of poly-e-caprolactone (Mv 50,000) at 70°C and poly-L-lactic acid (Mv 180,000) at 190°C 
a hollow tube was made having an external diameter of 1.5 mm and a total wall thickness of 180 urn. During 
55 extrusion a dry nitrogen atmosphere was maintained in the extruder. The poly-L-lactic acid covered 4/5 of the 
inner wall of the hollow tube consisting substantially of poly-e-caprolactone (a schematic cross-section is shown 
in Fig. 1b). The layer thickness of the poly-L-lactic acid was 20 u.m. Likewise made by extrusion were hollow 
tubes of poly-e-caprolactone without a poly-L-lactic acid coating and hollow tubes internally covered completely 
with poly-L-lactic acid. 
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DELIVERY OF NORGESTREL FROM THE 

hollow tube 

tube 

uncoated 

coated 

delivery 21.5 ± 2.0 

[Jig/cm tube. day] 

Example II 

PREPARATION OF ARTICLE 

Poly-E-caprolactone (Mv 50,000) was extruded at 70°C to form a tube having an external diameter of 1.5 
mm and a wall thickness of 140 urn. By means of dipping into a 5 wt% polymer solution of poly- L-l actio acid 
(Mv 130,000) in dioxane and subsequent evaporation of the solvent, samples having a length of 40 mm were 
provided exteriorly at room temperature with a poly-L-lactic acid coating having a thickness of 20 urn. Then 
1/5 of the poly-L-lactic acid coating was removed by cutting (a schematic cross-section is shown in Fig. 1a). 
For the delivery tests there were also made a hollow tube of poly-e-caprolactone uncoated with poly-L-lactic 
acid and a hollow tube of poly-e-caprolactone completely coated with poly-L-lactic acid. Solvent residues were 
removed by an extensive flushing and drying procedure. 



HOLLOW TUBES 

hollow tube 

compl. coated 
0.1 ± 0.03 



MADE 

hollow 

4/5 

4.8 ± 0.5 



DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

hollow tube hollow tube hollow 

tube 

uncoated compl. coated 4/5 

coated 

delivery 23.0 ± 3.1 0.05 ±0.01 5.010.6 

[ug/cm tube. day] 



Example Ml 

PREPARATION OF ARTICLE 

A Teflon rod having a diameter of 1 mm was dipped at room temperature into a 10 wt.% polymer solution 
of poly-L-lactic acid (Mv 50,000) in dioxane. After evaporation of the solvent, 1/4 of the polymeric layer was 
removed, followed by dipping into a 1 0 wt.% solution of poly-s-caprolactone (Mv 50,000) in dioxane. After evap- 
oration the rod was dipped once more into the solution of poly-L-lactic acid in dioxane. After evaporation, 1/4 
was again removed from the exterior layer of poly-L-lactic acid. Fig. 3a shows a schematic cross-section of 
the hollow tube after removal from the Teflon rod. The thickness of the different layers was about 30 ^m. The 
outside diameter of the hollow tube was 1.1 mm. Similarly, a hollow tube was made without a third layer of 
poly-L-lactic acid. Solvent residues were removed by an extensive flushing and drying procedure. 



DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

2-layered article 3-layered 
article delivery 31.5 ± 4.2 ■ 1.5 ± 0.03 

[fig/cm tube. day] 

Fig. 2 shows a tubular structure in which the wall portion 1 formed from relatively poorly permeable poly- 
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meric material and the wall portion 2 formed from relatively permeable polymeric material are composed to 
form a one-layered wall. A wall of this type is also made by forming the wall completely from the relative per- 
meable material having distributed therein fewer or more large particles from the relatively poorly permeable 
polymer. 

The difference in permeability to the active substance of the at least two polymeric materials of which the 
wall of the article is to be made may vary within very broad limits and is determined by the final object in con- 
junction with the nature of the active substance(s) for controlled delivery. 



Claims 

1 . An article for the controlled delivery of an active substance, comprising a hollow space fully enclosed by 
a wail and filled in full or in part with one or more active substances, said wall being made using a biode- 
gradable polymeric material permeable to the active substance, characterized in that the wall is com- 
posed mainly of a combination of at least two different polymeric materials in which one polymeric material 
is permeable to the active substance and is degradable and the other polymeric material is relatively poor- 
ly permeable to the active substance and is degradable and the conveyor path for the delivery of the ac- 
tive substance from the hollow space to the surroundings of the article is a continuous distance leading 
at least through the polymeric material permeable to the active substance. 

2. An article as claimed in claim 1, characterized in that the article may have different geometric forms. 

3. An article as claimed in claims 1-2, characterized in that it is geometrically based on a hollow tube formed 
from two polymeric materials in which the polymeric material permeable to the active substance and the 
relatively poorly permeable polymeric material are each individually formed to a wall portion, said wall 
portions being composed as a two-layered laminate while enveloping each other in partially overlapping 
position to form the wall of the article. 

4. An article as claimed in claim 3, characterized in that the polymeric material permeable to the active sub- 
stance and the relatively poorly permable polymeric material are composed to form the wall of the article 
on the basis of a laminate of more than two layers each individually composed of one of the polymeric 
materials, said layers enveloping each other in a partially overlapping position. 

5. An article as claimed in claim 3, characterized in that the individual wall portions of the polymeric material 
permeable to the active substance and the material relative poorly permeable to the active substance 
are composed to a one-layered wall. 

6. An article as claimed in claim 1, characterized in that the combination of at least two different polymeric 
materials is selected from the group of the biodegradable polymers consisting of polyesters, such as poly- 
lactic acid, polyglycolic acid, poly(e-caprolactone), poly(p-hydroxybutyric acid), poly(hydroxyvalerate), 
poly(orthoesters); poly(a-amino acids), including esters of polyglutamic acid, polydepsipeptides, polyan- 
hydrides and polyphosphazenes and all the polymers derived therefrom, co- or block copolymers and ster- 
eo complexes of polymers formed from optically active monomers from the above groups. 

7. An article as claimed in claims 1-6, characterized in that the active substances are pharmaca. 

8. An article as claimed in claim 6, characterized in that the active substances are cytostatics. 

9. An article as claimed in claims 1-6, characterized in that the active substances are hormones. 

10. An article as claimed in claims 1-6, characterized in that the active substances are peptides. 

11. An article as claimed in claims 1-6, characterized in that the active substances are insecticides, herbi- 
cides, feromones or repellants. 

12. An article as claimed in claims 3-11, characterized in that the outside diameter of the hollow tube is not 
more than 5 mm and the length is not more than 10 cm. 

13. An article as claimed in claim 12, characterized in that for human application the outside diameter of the 
hollow tube is 1.8 mm and the length is 4 cm and for veterinary application the outside diameter of the 
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hollow tube is 3 mm and the length is 5 cm. 

14. An article as claimed in claims 1-13, characterized in that the difference in permeability to the active 
substance is affectable within the employed combination of the at least two polymeric materials by ad- 
justment of the mutual relative porosity of the at least two polymeric materials. 



Patentanspruche 

1. Artikel zur geregelten Abgabe einer aktiven Substanz, welcher einen vollstandig durch eine Wand einge- 
schlossenen und ganz Oder teilweise mit einer Oder mehreren aktiven Substanzen gefullten Hohlraum ent- 
halt, wobei die Wand unter Verwendung eines biologisch abbaubaren, polymeren, fur die aktive Substanz 
durchlSssigen Materials hergestellt ist, dadurch gekennzeichnet, dass die Wand hauptsachlich aus einer 
Kombination von mindestens zwei verschiedenen polymeren Materialien besteht, von denen ein polyme- 
res Material fur die aktive Substanz durch lassig ist und abbaubar ist und das andere poly mere Material 
fur die aktive Substanz verhaltnismassig schiecht durchiassig ist und abbaubar ist, und der Beforderungs- 
weg fur die Abgabe der aktiven Substanz aus dem Hohlraum an die Umgebung des Artikels eine konti- 
nuieriiche Strecke ist, welche mindestens durch das fur die aktive Substanz durchiassig© pofymere Ma- 
terial fuhrt 

2. Artikel nach Anspruch 1 , dadurch gekennzeichnet, dass der Artikel verschiedene geometrische Formen 
aufweisen kann. 

3. Artikel nach den Anspruchen 1-2, dadurch gekennzeichnet, dass er geometrisch auf einem hohlen Rohr 
basiert, das gebildet ist aus zwei polymeren Materialien, wobei das fur die aktive Substanz durchlassige 
Material und das verhaltnismassig schiecht durchlassige Material jedes einzeln zu einem Wandabschnitt 
geformt wird, welche Wanda bschnitte als zweilagiger Schichtstoff zusammengesetzt sind, wahrend sie 
einander in teilweise uberlappender Stellung umgeben, urn die Wand des Artikels zu bilden. 

4. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass das fur die aktive Substanz durchlassige poly- 
mere Material und das verhaltnismassig schiecht durchlassige polymere Material zusammengesetzt sind 
urn die Wand des Artikels auf der Basis eines Schichtstoffes aus mehr als zwei Schichten zu bilden, welche 
jede fur sich aus einem der polymeren Materialien besteht, wobei diese Schichten einander in teilweise 
uberlappender Stellung umgeben. ' . 

5. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass die einzelnen Wandabschnitte des fur die aktive 
Substanz durchlassigen polymeren Materials und des fur die aktive Substanz verhaltnismassig schiecht 
durchlassige n Materials zu einer einschichtigen Wand zusammengesetzt sind. 

6. Artikel nach Anspruch 1, dadurch gekennzeichnet, dass die Kombination von mindestens zwei verschie- 
denen polymeren Materialien ausgewahlt ist aus der Gruppe der biologisch abbaubaren Polymeren, be- 
stehend aus Polyestern, wie Polymilchsaure, Polyglykolsaure, Pol y-(e-caprol acton), Poly-(p- 
hydroxybuttersaure), Poly-(hydroxyvaleriat), Poly-(orthoester); Poly-(a-aminosaure), einschliesslich 
Ester von Polyglutaminsaure, Polydepsipeptide, Polyanhydride und Polyphosphazene und alle davon ab- 
geleiteten Polymere, Co- Oder Block-Copolymere und StereoKomplexe von Polymeren, gebildet aus op- 
tisch aktiven Monomeren aus den obigen Gruppen. 

7. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Arzneimittel 
sind. 

8. Artikel nach Anspruch 6, dadurch gekennzeichnet, dass die aktiven Substanzen Cytostatica sind. 

9. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Hormone sind. 

10. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Peptide sind. 

11. Artikel nach den Anspruchen 1-6. dadurch gekennzeichnet, dass die aktiven Substanzen Insektizide, Her- 
bizide, Feromone Oder Phobiermittel sind. 

12. Artikel nach den Anspruchen 3-11, dadurch gekennzeichnet, dass der aussere Durchmesser des hohlen 
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Rohres nicht mehr als 5 mm und die Lange nicht mehr als 1 0 cm betragt 

13. Artikel nach Anspruch 12, dadurch gekennzeichnet, dass fur die Anwendung beim Menschen deraussere 
Durchmesser des hohlen Rohres 1,8 mm und die Lange 4 cm betragt und fur die Anwendung bei Tieren 
der aussere Durchmesser des hohlen Rohres 3 mm und die Lange 5 cm betragt 

14. Artikel nach den Anspruchen 1-13, dadurch gekennzeichnet, dass der Unterschied der Durchlassigkeit 
fur die aktive Substanz innerhalb der verwendeten Kombination von mindestens zwei polymeren Mate- 
rialien durch Einstellung der gegenseitigen relative Porositat der mindestens zwei polymeren Materialien 
beeinflussbar ist. 



Revendlcations 

1. Un systems permettant la liberation contrdlee d'une substance active, comprenant un espace creux en- 
tierement entoure d'une paroi, et rem pi i total em ent ou en par tie d'une ou plusieurs substances actives, 
iadite paroi etant realisee a I'aide d'un materiau polymere biodegradable permeable a la substance active, 
caracterise en ce que la paroi est composee principaleement d'une combinaison d'au moins deux mate- 
riaux polymeres differents, dont Tun est un materiau polymere permeable a la substance active et degra- 
dable, et I'autre est un materiau polymere relativement peu permeable a la substance active et degrada- 
ble, et en ce que la liberation de la substance active depuis I'espace creux vers I'exterieur du systeme se 
fait par une voie passant au moins, sur une distance continue, a travers le materiau polymere permeable 
a la substance active. 

2. Un systeme selon la revendication 1 , caracterise en ce que le systeme peut presenter drf ferentes formes 
geometriques. 

3. Un systeme selon la revendication 1 ou 2, caracterise en ce que la forme geometrique est cede d'un tube 
creux forme de deux materiaux polymeres, dans laqueile le materiau polymere permeable a la substance 
active et le materiau polymere relativement peu permeable forment chacun Individuellement une partie 
de la paroi, lesquelles parties de paroi forment un stratifie a base de deux couches s'enveloppant Tune 
I'autre dans une position de recouvrement partiel pour former la paroi du systeme. 

4. Un systeme selon la revendication 3, caracterise en ce que le materiau polymere permeable a la subs- 
tance active et le materiau polymere relativement peu permeable sont associes pour former la paroi du 
systeme sous forme d'un stratifie a base de plus de deux couches chacune individuellement etant formee 
d'un des materiaux polymeres, iesdites couches s'enveloppant Tune I'autre dans une position de recou- 
vrement partiel. 

5. Un systeme selon ia revendication 3, caracterise en ce que les parties individuelles de paroi de materiau 
polymere permeable a la substance active et de materiau polymere relativement peu permeable a la subs- 
tance active se composent d'une paroi unicouche. 

6. Un systeme selon la revendication 1, caracterise en ce que la combinaison d'au moins deux materiaux 
polymeres differents est choisie dans le groupe des polymeres biodegradables consistant en polyesters 
tels que acide polylactique, acide polyglucolique, poly-(e-caprolactone), acide poly-(p-hydroxybutyrique), 
poly(hydroxyvalerate), poly(orthoesters), acides poly(a-amines), incluant les esters d'acide polyglutami- 
que, polydepsipeptides, potyanhydrides et polyp hosp haze nes et tous les polymeres en derivant, les co- 
polymers ou les copoiymeres sequences ainsi que les stereocomplexes de polymeres formes de mo- 
nomeres optiquement actifs de ces groupes. 

7. Un systeme selon la revendication 1 a 6, caracterise en ce que les substances actives sont des medica- 
ments. 

8. Un systeme selon la revendication 6, caracterise en ce que tes substances actives sont des derives cy- 
tostatiques. 

9. Un systeme selon la revendication 1 a 6, caracterise en ce que les substances actives sont des hormones. 
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10. Un systeme selon ia revendication 1 a 6, caracterise en ce que les substances actives sont des peptides. 

11. Un systeme selon la revendication 1 a 6, caracterise en ce que les substances actives sont des insecti- 
5 cides, des herbicides, des pheromones ou des insectifuges. 

12. Un systeme selon la revendication 3 a 11, caracterise en ce que le diametre exterieur du tube creux n'est 
pas superieur a 5 mm et la longueur n'est pas superieure a 10 cm. 

w 13. Un systeme selon la revendication 12, caracterise en ce que, pour une application humaine, le diametre 
exterieur du tube creux est de 1,8 mm et la longueur est de 4 cm, et pour une application veterinaire, le 
diametre exterieur du tube creux est de 3 mm et la longueur est de 5 cm. 

14. Un systeme selon Tune des revendication 1 a 13, caracterise en ce que la difference de permeabiiite a 
regard de ia substance active peut etre modif iee, pour la combinaison employee de materiaux polymexes, 
r5 lorsqu'ils sont au moins au nombre ae deux, par ajustement de ia porosite relative mutuelle desdits au 

moins deux materiaux polymeres. 
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FIG. 1a FIG. 1b 




FIG. 3a FIG. 3b 
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Description 

This invention relates to an article for the controlled delivery of an active substance, comprising a hollow 
space fully enclosed by a wall and filled in full or in part with one or more active substances, said wall being 
5 made using a biodegradable polymeric material permeable to the active substance. 

For the controlled delivery of active substances articles have been developed showing a great diversity 
in shape, sizes and other properties capable of affecting the rate of delivery of an active substance from the 
the usability of the article. Particularly the selection of the material of which the article is made can largely 
affect the final possibilities of using the article. On the basis of the nature of the materials used, which are 
10 often polymeric materials, it is possible to divide the articles for the controlled delivery, which, among other 
things, are intended for use in man and animal, into two groups. On the one hand, there are the articles made 
of materials that cannot be broken down in the body. After the active substance has been delivered, the article 
must be removed, which may be regarded as a drawback. On the other hand, there are the articles on the 
basis of (bio)degradable materials. When the active substance has been delivered in full or in part, a breakdown 
is of the article into components innocuous to the organism occurs so that removal of the article is no longer 
necessary. 

"Hydrogels and Biodegradable Polymers for the Controlled Delivery of Drugs" by N.B. Graham and D.A. 
Wood in Polymer News, 1982, Vol. 8, pages 230-236, discloses all kinds of delivery systems on the basis of 
biodegradable polymer substrates charged with active substance, which polymer substrates, among other 

20 things, can be subdermally applied to man and animal. Such delivery systems may have the form of, e.g., sphe- 
rical particles. These particles consist of biodegradable matrices surrounding the active substance. Such a 
delivery system, however, has the drawback that the particles can hardly, if at ail, be surgically removed when 
the active substance would not be accepted. The same drawback is connected with other delivery systems 
referred to in this article, such as microcapsules having an average size of 5 to 50 um. The above article by 

25 N.B. Graham and D.A. Wood further mentions films as delivery system. Such films, however, have the draw- 
back that a subdermal use thereof requires a surgery, which is considered laborious and may also involve cer- 
tain risks. 

The usability of an article is not exclusively determined by the possibility of breakdown of the article after 
delivery of the active substance. Also the possibilities of a proper control of the rate of delivery of the active 
30 substance are important when designing an article. Because in many cases the active substance will be re- 
leased by a diffusion process, the material selection may again be a decisive factor for the delivery properties 
finally obtained by the article. Besides, it is also possible to affect the delivery properties by varying the shape 
and sizes of the article. 

"Sustained Drug Delivery Systems II: Factors Affecting Release Rates from poly-e-caprolactone and Re- 
35 lated Biodegradable Polyesters" by C.G. Pitt et ai in J. Pharm. Sc., Vol. 68, No. 12, 1979, pages 1534-1538, 
discloses films on the basis of homo- and copolymers of e-caprol acton e, DL-lactic acid and glycolic acid. With 
regard to the microcapsules on the basis of poly-e-caprolactone described in this article and in U.S. Patent 
No. 4,148,871 of C.G. Pitt et al (1986) it is particularly advanced that these are prepared by melt extrusion, 
after which the ends of the resulting hollow tube are closed after filling with the medicine. These microcapsules, 
40 however, have the drawback that the rate of delivery of the medicine per unit of area, which is adjustable by 
varying the wall thickness of the hollow tube, can only be changed to a very limited extent, e.g., by a factor of 
2 to 3. 

For the delivery of active substances having a high molecular weight, European Patent Application No. 
86402527.5 (Porous bioadsorbable polyesters, 1986) of A. Schindler describes the development of a porous 
45 degradable fibre made of polymer. 

"Controlled Release Technologies: Methods, Theory and Applications", Vol. II, by A.F. Kydonieus, page 165 
ff., CRC Press, Inc., discloses the use of hollow fibres for the delivery of insect feromones. Further, "Hollow 
Fibers as an Oral Sustained-Release Delivery System" by M.A. Hussain et al in Pharm. Res., Vol. 6, No. 1, 
1989, pages 49-52, describes the delivery of Phenyl Propanolamine (PPA) from hollow fibres. As indicated, 
50 however, such hollow fibres are open on one side so that they are unsuitable for the controlled delivery of med- 
icines in a subdermal or other use in man and animal. 

The object of this invention is to obtained an improved article for the controlled delivery of an active sub- 
stance which does not have the above drawbacks. 

According to this invention an article of the type referred to in the opening paragraph is provided which 
55 is characterized in that the wall is composed mainly of a combination of at least two different polymeric mate- 
rials in which one polymeric material is permeable to the active substance and is degradable and the other 
polymeric material is relatively poorly permeable to the active substance and is degradable and the conveyor 
path for the delivery of the active substance from the hollow space to the surroundings of the article is a con- 



2 



EP 0 514 406 B1 



tinuous distance leading at least through the polymeric material permeable to the active substance. 

The article according to this invention is a hollow article made of a combination of biodegradable polymers, 
in which article the hollow space may contain a pure active substance, a dilute form or a dispersion of this 
5 substance in a matrix and the ends, edges etc. of the article are closed. 

The biodegradable polymers to be used for the. hollow article may be polyesters such as polylactic acid, 
polyglycolic acid, poly(e-caprolactone), polyflj-hydroxy butyric acid), poly(hydroxyvalerate), poly(orthoesters), 
poly(a-amino acids), including esters of polyglutamic acid and finally poiydepsipeptides, poiyanhydrides and 
polyphosphazenes. Moreover, all the (co)polymers derived from the above polymers may be used, including 
w block copolymers and stereo complexes of polymers formed from optically active monomers from the above 
groups. 

When the article according to this invention is used subdermally, use is preferably made of (co) polymers 
that are properly degradabie and do not give body-foreign products and/or toxic by-products after or during 
degradation. Examples thereof are polylactic acid, poly(p-hydroxybutyric acid), poly(E.-caprolactone), poly(a- 
15 amino acids) as well as derived (co)polymers. 

The hollow articles used may have such shapes and such sizes that in human use they can be applied 
subdermally without problems in accordance with generally accepted guidelines. Consequently, the articles 
made according to this invention may be injectable so that a surgery need not take place. Because the articles 
according to the invention preferably have a length up to 5 cm, they can be easily traced. When used veteri- 
20 narily, the sizes of the article may be considerably larger. 

In the hollow space of the articles various active substances can be used, such as medicines, hormones 
and related products. When inserted, the articles according to the invention deliver the active substance to 
the body for a certain period of time which may vary, e.g., from 1 week to some years. According to this invention 
the delivery period and the delivery rate of the active substance used can be easily adjusted by adaptation to 
25 the structure of the article. 

The biodegradable article according to this invention charged with active substance can be used in agri- 
culture and horticulture, in which insecticides, feromones, repellants, and related products may be used as the 
active substances. 

The hollow articles used according to this invention consist of a combination of two or more polymeric ma- 
30 terials having different permeabilities to the active substance. For the purpose of illustration a combination of 
two polymers will be described hereinbelow. Moreover, by way of example in this specification, the article for 
the controlled delivery will have the form of a hollow tube . Thus starting from a combination of two polymers, 
a first polymer will have to show a relatively high permeability to the active substance, while the second polymer 
has a relatively low to very low permeability to the active substance. 
35 The hollow tubes used according to the invention may be made by means of the following techniques: 

a) coextrusion of the two polymers in the melt, 

b) melt extrusion of one of the two polymers followed by dipcoating with a solution of the other polymeric 
material from a suitable solution, 

c) successive dipcoating with two solutions of the polymers. 

40 To a) . In case of coextrusion two molten polymeric materials are simultaneously pressed through an in- 

jection moulding nozzle via separated feeding systems. This injection moulding nozzle consists of two or 
more composed ducts or openings. The interior of the inner duct is a hollow needle through which inert 
gas can be injected via a separated feeding system. By selecting such a suitable construction of the in- 
jection moulding nozzle, hollow tubes can be formed having compact walls. The wall is made of a compo- 

45 sition of the different polymeric materials. Figs, la and b, 2, and 3a and b schematically show examples of 

the structure of the cross-section of different types of hollow tubes. 

Figs. 1a and b show how a polymeric layer poorly permeable to the active substance partially covers 
the interior or the exterior of the highly permeable layer. By varying the surface coated with poorly per- 
meable polymer the rate of delivery of the active substance can be adjusted. 

50 Fig. 2 schematically shows another cross-section of a hollow tube of a polymer substantially imperme- 

able or poorly permeable to the active substance, in which a portion of the wall is replaced by a polymer 
permeable to the active substance. By varying the surface ratio of permeable/poorly permeable polymer 
the rate of delivery can be adjusted. 

Figs. 3a, b finally show a schematic cross-section of a hollow tube having a wall consisting of a com- 

55 position of more than two layers permeable and poorly permeable to the active substance. By thus forming 

the structure of the wall of the hollow tube not only the availabe surface through which delivery of the 
active substance may occur, but also the distance over which the active substance must diffuse through 
the permeable layer is considerably extended. This may provide an additional possibility of controlling the 
level of delivery of the active substance. 
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To b) . In case of melt extrusion followed by dipcoating a hollow tube having the desired wall structure is 
made in a multistage process. In stage 1 a hollow tube is made of permeable polymer by means of melt 
extrusion. In stage 2 the hollow tube is passed through a solution of poorly permeable polymer in a suitable 

5 solvent By evaporation of the solvent under the proper conditions a hollow tube is formed having at its 

exterior a compact layer of poorly permeable polymer. Stage 2 can be repeated some times, if required. 
Finally, in stage 3 a portion of the outer layer is removed (e.g., cutting or perforating) to such an extent as 
to obtain the desired level of delivery of active substance (schematic cross-section shown in Fig. la). If 
required, prior to carrying out stage 2, the hollow tube made in stage 1 can be partially covered, followed 

10 by removing this cover after carrying out stage 2. Thus, an article having the same structure will be ob- 

tained. 

It is also possible to obtain a hollow tube having several permeable and poorly permeable layers by 
applying further dipping, drying and cutting procedures after stage 3. 

Toe) . Both the compact permeable layer(s) and the poorly permeable layer(s) are made by means of the 
15 dipcoating technique described. By a proper combination of dipping, drying and cutting procedures hollow 

tubes are obtainable having the structures shown in Figs, la, b and 3a, b. When making hollow tubes by 
means of the dipcoating process, the hollow tube must be supported by a metal, glass or plastic rod. 
The hollow tubes made in the following examples have been made by means of the techniques mentioned 
under a), b), and c). 

20 The article for the controlled delivery of active substance according to the invention has the following ad- 

vantages: 

- the rate of delivery of an active substance from the article is easily adjustable by means of the structure 
of the article, using two or more biodegradable polymeric materials; 

- if desired, depending on, e.g., the wishes regarding the level of delivery, the article is degradable in parts 
25 during the period of implantation or degradable only after the active substance has been delivered com- 
pletely; 

- the article is suitable for the optimum delivery of various types of medicines and other compounds. 

If the article according to the invention is intended for subdermal use, it can be readily made via known per 
se techniques in a form in which 
30 - the article can be easily applied subdermally by means of injection so that a surgery is superfluous and 

can be 

- easily removed if it turns out that the patient does not endure the medicine. 

Further to the above, it may be observed that the rate of delivery of the active substance is also adjustable 
by affecting the difference in permeability to the active substance within the employed combination of the at 

35 least two polymeric materials by adjustment of the pore structure of the polymeric materials in the article. 

With reference to the accompanying drawing, which shows a number of tubular structures of the article, 
the invention can be further illustrated by the following examples. In the examples the delivery properties of 
hollow tubes are determined by using the steroid norgestrel. The values given in the following examples for 
the delivery of norgestrel were measured as follows: 

to The hollow tubes were cut to lengths of 4 cm and filled with a 30 wt.% dispersion of norgestrel castor 

oil. The ends of the filled tubes were sealed with acrylate glue impermeable to the hormone and then placed 
in glass vessels filled with 250 ml distilled water Delivery experiments were carried out at 37°C with continuous 
stirring (1 50 rpm) for a period of 6 months. The delivery of the norgestrel was measured spectrophotometrically 
at an absorption maximum of 247 nm. 

« The materials used for composing the hollow tubes were the polymer poly-L-lactic acid poorly permeable to 
norgestrel and the permeable polymer poly-e-caprolactone, which materials are shown in the drawing by 1 and 
2, respectively. 

Example I 

50 

PREPARATION OF ARTICLE 

By coextrusion of poly-e-caprolactone (Mv 50,000) at 70°C and poly-L-lactic acid (Mv 180,000) at 190°C 
a hollow tube was made having an external diameter of 1.5 mm and a total wall thickness of 180 um. During 
55 extrusion a dry nitrogen atmosphere was maintained in the extruder. The poly-L-lactic acid covered 4/5 of the 
inner wall of the hollow tube consisting substantially of poly-e-caprolactone (a schematic cross-section is shown 
in Fig. 1b). The layer thickness of the poly-L-lactic acid was 20 um. Likewise made by extrusion were hollow 
tubes of poly-e-caprolactone without a poly-L-lactic acid coating and hollow tubes internally covered completely 
with poly-L-lactic acid. 
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DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

hollow tube hollow tube hollow 

5 

tube 

uncoated compl . coated 4/5 

coated 

10 delivery 21.512.0 0.1 ± 0.03 4.810.5 

[ug/cm tube. day] 



Example 11 

15 

PREPARATION OF ARTICLE 

Poly-e-caprolactone (Mv 50,000) was extruded at 70°C to form a tube having an externa! diameter of 1.5 
mm and a wall thickness of 140 um. By means of dipping into a 5 wt.% polymer solution of poly-L-lactic acid 

20 (Mv 130,000) in dioxane and subsequent evaporation of the solvent, samples having a length of 40 mm were 
provided exteriorly at room temperature with a poly-L-lactic acid coating having a thickness of 20 um. Then 
1/5 of the poly-L-lactic acid coating was removed by cutting (a schematic cross-section is shown in Fig. 1a). 
For the delivery tests there were also made a hollow tube of poly-e-caprolactone uncoated with poly-L-lactic 
acid and a hollow tube of poly-e-caprolactone completely coated with poly-L-lactic acid. Solvent residues were 

25 removed by an extensive flushing and drying procedure. 



DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

hollow tube hollow tube hollow 

30 

tube 

uncoated compl . coated 4/5 

coated 

35 delivery 23. 013. 1 0.05 10. 01 5. 010. 6 

[Hg/cm tube. day] 



Example III 

40 

PREPARATION OF ARTICLE 

A Teflon rod having a diameter of 1 mm was dipped at room temperature into a 10 wt.% polymer solution 
of poly-L-lactic acid (Mv 50,000) in dioxane. After evaporation of the solvent, 1/4 of the polymeric layer was 

45 removed, followed by dipping into a 1 0 wt % solution of poly-e-caprolactone (Mv 50,000) in dioxane. After evap- 
oration the rod was dipped once more into the solution of poly-L-lactic acid in dioxane. After evaporation, 1/4 
was again removed from the exterior layer of poly-L-lactic acid. Fig. 3a shows a schematic cross-section of 
the hollow tube after removal from the Teflon rod. The thickness of the different layers was about 30 \irr\. The 
outside diameter of the hollow tube was 1.1 mm. Similarly, a hollow tube was made without a third layer of 

50 poly-L-lactic acid. Solvent residues were removed by an extensive flushing and drying procedure. 

DELIVERY OF NORGESTREL FROM THE HOLLOW TUBES MADE 

2-layered article 3-layered 
55 article delivery 31.5 1 4.2 1.5 1 0.03 

[jig/cm tube. day] 

Fig. 2 shows a tubular structure in which the wall portion 1 formed from relatively poorly permeable poly- 
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meric material and the wall portion 2 formed from relatively permeable polymeric material are composed to 
form a one-layered wall. A wall of this type is also made by forming the wall completely from the relative per- 
meable material having distributed therein fewer or more large particles from the relatively poorly permeable 
polymer. 

The difference in permeability to the active substance of the at least two polymeric materials of which the 
wall of the article is to be made may vary within very broad limits and is determined by the final object in con- 
junction with the nature of the active substance(s) for controlled delivery. 



Claims 

1. An article for the controlled delivery of an active substance, comprising a hollow space fully enclosed by 
a wall and filled in full or in part with one or more active substances, said wall being made using a biode- 
gradable polymeric material permeable to the active substance, characterized in that the wall is com- 
posed mainly of a combination of at least two different polymeric materials in which one polymeric material 
is permeable to the active substance and is degradable and the other polymeric material is relatively poor- 
ly permeable to the active substance and is degradable and the conveyor path for the delivery of the ac- 
tive substance from the hollow space to the surroundings of the article is a continuous distance leading 
at least through the polymeric material permeable to the active substance. 

2. An article as claimed in claim 1, characterized in that the article may have different geometric forms. 

3. An article as claimed in claims 1-2, characterized in that it is geometrically based on a hollow tube formed 
from two polymeric materials in which the polymeric material permeable to the active substance and the 
relatively poorly permeable polymeric material are each individually formed to a wall portion, said wall 
portions being composed as a two-layered laminate while enveloping each other in partially overlapping 
position to form the wall of the article. 

4. An article as claimed in claim 3, characterized in that the polymeric material permeable to the active sub- 
stance and the relatively poorly permable polymeric material are composed to form the wall of the article 
on the basis of a laminate of more than two layers each individually composed of one of the polymeric 
materials, said layers enveloping each other in a partially overlapping position. 

5. An article as claimed in claim 3, characterized in that the individual wall portions of the polymeric material 
permeable to the active substance and the material relative poorly permeable to the active substance 
are composed to a one-layered wall. 

6. An article as claimed in claim 1, characterized in that the combination of at least two different polymeric 
materials is selected from the group of the biodegradable polymers consisting of polyesters, such as poly- 
lactic acid, polyglycolic acid, poly(e-caprolactone), poly(0-nydroxybutyric acid), poly(hydroxyvalerate), 
poly(orthoesters); poly(a-amino acids), including esters of polyglutamic acid, polydepsipeptides, polyan- 
hydrides and polyphosphazenes and all the polymers derived therefrom, co- or block copolymers and ster- 
eo complexes of polymers formed from optically active monomers from the above groups. 

7. An article as claimed in claims 1-6, characterized in that the active substances are pharmaca. 

8. An article as claimed in claim 6, characterized in that the active substances are cytostatics. 

9. An article as claimed in claims 1-6, characterized in that the active substances are hormones. 

10. An article as claimed in claims 1-6, characterized in that the active substances are peptides. 

11. An article as claimed in claims 1-6, characterized in that the active substances are insecticides, herbi- 
cides, feromones or repellants. 

12. An article as claimed in claims 3-11, characterized in that the outside diameter of the hollow tube is not 
more than 5 mm and the length is not more than 10 cm. 

13. An article as claimed in claim 12, characterized in that for human application the outside diameter of the 
hollow tube is 1.8 mm and the length is 4 cm and for veterinary application the outside diameter of the 
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hollow tube Is 3 mm and the length is 5 cm. 

-» 

14. An article as claimed in claims 1-13, characterized in that the difference in permeability to the active 
substance is affectable within the employed combination of the at least two polymeric materials by ad- 
justment of the mutual relative porosity of the at least two polymeric materials. 



Patentanspruche 

10 

1. Artikel zur geregelten Abgabe einer aktiven Substanz, welcher einen vollstandig durch eine Wand einge- 
schiossenen und ganz Oder teilweise mit einer Oder mehreren aktiven Substanzen gefullten Hohlraum ent- 
halt, wobei die Wand unter Verwendung eines biologisch abbaubaren, polymeren, fur die aktive Substanz 
durchlassigen Materials hergestellt ist, dadurch gekennzeichnet, dass die Wand hauptsachlich aus einer 

75 Kombination von mindestens zwei verschiedenen polymeren Material ien besteht, von denen ein polyme- 

res Material fur die aktive Substanz durchiassig ist und abbaubar ist und das andere polymere Material 
fur die aktive Substanz verhaltnismassig schlecht durchiassig ist und abbaubar ist, und der Beforderungs- 
weg fur die Abgabe der aktiven Substanz aus dem Hohlraum an die Umgebung des Artikels eine konti- 
nuierliche Strecke ist, welche mindestens durch das fur die aktive Substanz durchlassige polymere Ma- 

20 terial fuhrt. 

2. Artikel nach Anspruch 1 , dadurch gekennzeichnet, dass der Artikel verschiedene geometrische Formen 
aufweisen kann. 

3. Artikel nach den Anspruchen 1-2, dadurch gekennzeichnet, dass er geometrisch auf einem hohlen Rohr 
25 basiert, das gebiidet ist aus zwei polymeren Materialien, wobei das fur die aktive Substanz durchlassige 

Material und das verhaltnismassig schlecht durchlassige Material jedes einzeln zu einem Wandabschnitt 
geformt wird, welche Wandabschnitte ais zweilagiger Schichtstoff zusammengesetzt sind, wahrend sie 
einander in teilweise uberlappender Stellung umgeben, urn die Wand des Artikels zu bilden. 

30 4. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass das fur die aktive Substanz durchlassige poly- 
mere Material und das verhaltnismassig schlecht durchlassige polymere Material zusammengesetzt sind 
um die Wand des Artikels auf der Basis eines Schichtstof fes aus mehr als zwei Schichten zu bilden, welche 
jede fur sich aus einem der polymeren Materialien besteht, wobei diese Schichten einander in teilweise 
uberlappender Stellung umgeben. 

35 

5. Artikel nach Anspruch 3, dadurch gekennzeichnet, dass die einzelnen Wandabschnitte des fur die aktive 
Substanz durchlassigen polymeren Materials und des fur die aktive Substanz verhaltnismassig schlecht 
durchlassigen Materials zu einer einschichtigen Wand zusammengesetzt sind. 

40 6. Artikel nach Anspruch 1, dadurch gekennzeichnet, dass die Kombination von mindestens zwei verschie- 
denen polymeren Materialien ausgewahlt ist aus der Gruppe der biologisch abbaubaren Polymeren, be- 
stehend aus Polyestern, wie Polymilchsaure, Polyglykolsaure, Poly-(E-caprolacton), Poly-(P- 
hydroxybuttersaure), Poly-{hydroxyvaleriat), Poly-(orthoester); Poly-{a-aminosaure), einschliesslich 
Ester von Polyglutaminsaure, Poiydepsipeptide, Polyanhydride und Polyphosphazene und aiie davon ab- 

45 geleiteten Polymere, Co- Oder Block-Copolymere und StereoKomplexe von Polymeren, gebiidet aus op- 

tisch aktiven Monomeren aus den obigen Gruppen. 

4 

7. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Arzneimittel 
sind. 

50 

8. Artikel nach Anspruch 6, dadurch gekennzeichnet, dass die aktiven Substanzen Cytostatica sind. 

9. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Hormone sind. 

10. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Peptide sind. 

55 

11. Artikel nach den Anspruchen 1-6, dadurch gekennzeichnet, dass die aktiven Substanzen Insektizide, Her- 
bizide, Feromone oder Phobiermittel sind. 

12. Artikel nach den Anspruchen 3-11 , dadurch gekennzeichnet, dass der aussere Durchmesser des hohlen 
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Rohres nicht mehr als 5 mm und die Lange nicht mehr als 10 cm betragt. 

13. Artikel nach Anspruch 12, dadurch gekennzeichnet, dassfurdie Anwendung beim Menschen deraussere 
Durchmesser des hohlen Rohres 1,8 mm und die Lange 4 cm betragt und fur die Anwendung bei Tieren 
der aussere Durchmesser des hohlen Rohres 3 mm und die Lange 5 cm betragt 

14. Artikel nach den Anspruchen 1-13, dadurch gekennzeichnet, dass der Unterschied der Durchlassigkeit 
fur die aktive Substanz innerhalb der verwendeten Kombination von mindestens zwei polymeren Mate- 
rialien durch Einsteliung der gegenseitigen relative Porositat der mindestens zwei polymeren Materialien 
beeinf lussbar ist. 



Revendications 

1. Un systeme permettant la liberation contrfilee d'une substance active, comprenant un espace creux en- 
tierement entoure d'une paroi, et rempli totalement ou en partie d'une ou plusieurs substances actives, 
ladite paroi etant realisee a I'aide d'un materiau polymere biodegradable permeable a la substance active, 
caracterise en ce que la paroi est composee principaleement d'une combinaison d'au moins deux mate- 
riaux polymeres differents, dont Tun est un materiau polymere permeable a la substance active et degra- 
dable, et I'autre est un materiau polymere relativement peu permeable a la substance active et degrada- 
ble, et en ce que la liberation de la substance active depuis I'espace creux vers I'exterieur du systeme se 
fait par une voie passant au moins, sur une distance continue, a travers le materiau polymere permeable 
a la substance active. 

2. Un systeme selon la revendication 1 , caracterise en ce que ie systeme peut presenter differentes formes 
geometriques. 

3. Un systeme selon la revendication 1 ou 2, caracterise en ce que la forme geometrique est celle d'un tube 
creux forme de deux materiaux polymeres, dans laquelle le materiau polymere permeable a la substance 
active et le materiau polymere relativement peu permeable forment chacun individuellement une partie 
de la paroi, lesquelles parties de paroi forment un stratifie a base de deux couches s'enveloppant I'une 
I'autre dans une position de recouvrement partiei pour former la paroi du systeme. 

4. Un systeme selon la revendication 3, caracterise en ce que le materiau polymere permeable a la subs- 
tance active et le materiau polymere relativement peu permeable sont associes pour former la paroi du 
systeme sous forme d'un stratifie a base de plus de deux couches chacune individuellement etant formee 
d'un des materiaux polymeres, lesdites couches s'enveloppant Tune I'autre dans une position de recou- 
vrement partiei. 

5. Un systeme selon la revendication 3, caracterise en ce que les parties individuelles de paroi de materiau 
polymere permeable a la substance active et de materiau polymere relativement peu permeable a la subs- 
tance active se composent d'une paroi unicouche. 

6. Un systeme selon ia revendication 1 , caracterise en ce que la combinaison d'au moins deux materiaux 
polymeres differents est choisie dans le groupe des polymeres biodegradables consistant en polyesters 
tels que acide polylactique, acide polygiucolique, poly-(e-caprolactone), acide poly-(p- hydroxy butyrique), 
poly(hydroxyvalerate), poly(orthoesters), acides poly(a-amines), incluant les esters d'acide polyglutami- 
que, polydepsipeptides, polyanhydrides et polyp hosp haze nes et tous les polymeres en derivant, ies co- 
polymers ou les copolymers sequences ainsi que les stereocomplexes de polymeres formes de mo- 
nomeres optiquement actifs de ces groupes. 

7. Un systeme selon ia revendication 1 a 6, caracterise en ce que les substances actives sont des medica- 
ments. 

8. Un systeme selon la revendication 6, caract6rise en ce que les substances actives sont des derives cy- 
tostatiques. 

9. Un systeme selon la revendication 1 a 6, caracterise en ce que les substances actives sont des hormones. 
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10. Un systeme selon la revendication 1 a 6, caracterise en ce que tes substances actives sont des peptides. 

11. Un systeme selon la revendication 1 a 6, caracterise en ce que ies substances actives sont des insecti- 
cides, des herbicides, des pheromones ou des insectifuges. 

12. Un systeme selon la revendication 3 a 11 , caracterise en ce que le diametre exterieur du tube creux n'est 
pas superieur a 5 mm et la longueur n'est pas superieure a 10 cm. 

13. Un systeme selon la revendication 12, caracterise en ce que, pour une application humaine, le diametre 
exterieur du tube creux est de 1,8 mm et la longueur est de 4 cm, et pour une application veterinaire, le 
diametre exterieur du tube creux est de 3 mm et la longueur est de 5 cm. 

14. Un systeme selon Tune des revendication 1 a 13, caracterise en ce que la difference de permeabilite a 
regard de la substance active peut etre modif iee, pour la combinaison employee de materiaux polymexes, 
lorsqu'ils sont au moins au nombre ae deux, par ajustement de la porosite relative mutuelle desdits au 
moins deux materiaux polymeres. 
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FIG. 3a FIG.3b 
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